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ABSTRACT 
 Identifying and delineating species are the primary tasks of taxonomy. Owing to the decreasing 
interest of the nations for taxonomy and the inventory of living beings, funds have been drastically 
decreasing during the last two decades for taxonomic studies. As a consequence, the worldwide pool of 
taxonomists has dramatically decreased. DNA barcoding, as an automated tool for species delineation and 
identification, proved to rejuvenate the field of taxonomy and open new perspectives in ecology and 
conservation. In the present review, we will discuss how DNA barcoding established as a new paradigm in 
taxonomy and how DNA barcoding has been recently integrated in taxonomic studies. We will further detail 
the potential  applications for species identifications and discuss how DNA barcoding may positively impact 
the inventory and conservation of living beings, particularly in biodiversity hotspots. We emphasise the 
benefit of DNA barcoding for the conservation of Southeast Asian freshwater fishes. 
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INTRODUCTION 
After three decades of inventorying living beings, Earth’s biodiversity, which consist of not 
less than 10 millions of described species to date, is still poorly known and includes many species 
that carry potential economic and societal applications that are still to be revealed (Vernooy et al. 
2010).  Despite the importance of identifying species for either scientific or societal purposes, the 
interest of the nations in taxonomy and in pursuing the inventory of earth living beings has               
decreased since its earlier development during 18th century with Carl Linnaeus (Mallet & Willmott 
2003). During the second conference of the parties of the Convention on Biological Diversity 
(CBD) held in Jakarta in 1995, the participant countries have explicitly formulated through               
the concept of taxonomic impediment, which epitomises the major concern raised by the worldwide 
community of taxonomists since the 90’s about the increasing disinterest from governments and 
funding agencies for taxonomy. Unfortunately, several global initiatives such as the Global              
Taxonomic Initiative (GTI) launched in the context of the CBD early in 2002 failed to embrace a 
massive adhesion and to help reach the CBD goal to slow-down the pace of species loss by 2010 
(www.cbd.int/cop).  Several challenges prevented the emergence of a global project, which include 
the settlement of a universal information system in taxonomy and the digitisation of the collections 
in national museums, both calling for a more massive investment in taxonomy as a research priority 
by the nations (De-Carvalho et al. 2005, Agnarsson & Kuntner 2007, Godfray 2007). Another              
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challenge is caused by the lack of consensus on the morphological characters to be used by the 
community of taxonomists, a limit that was to be overcome by the use of DNA sequences due to 
the universality of the genetic code (Tautz et al. 2002, Blaxter 2003, Tautz et al. 2003, Hebert & 
Gregory 2005, Godfray 2006 & 2007). Moreover, the ease of access to sequencing facilities was 
expected by a large community to counterbalance the impact of the taxonomic impediment in              
conservation and basic biodiversity sciences (Vernooy et al. 2010). 
Hebert and colleagues (2003) proposed to develop a new paradigm for species identification 
based on universal molecular markers (i.e. DNA barcoding) with enriched metadata to allow the 
sustainability and reproducibility of species identification based on DNA sequences. This approach 
opened new perspectives in taxonomy and conservation by enabling the development of automated 
molecular identifications that impacted fields as diversified as functional ecology (Smith et al. 
2007), taxonomy (Hebert & Gregory 2005, Miller 2007, Smith et al. 2008), biogeography (Fouquet 
et al. 2007, Kerr et al. 2007, Hubert et al. 2012), conservation (Forest et al. 2007), wildlife                 
forensics (Armstrong & Ball 2005, Wong & Hanner 2008, Holmes et al. 2009, Ardura et al. 2010, 
Floyd et al. 2010) and biodiversity socio-economics (Stribling 2006, Vernooy et al. 2010). 
In front of the massive extinction rates at play in nature nowadays, identifying species is an 
important application of taxonomy and DNA-based taxonomy opened new perspectives (Ubaidillah 
& Sutrisno 2009, Sutrisno et al. 2013). The objectives of the present review are: (1) to present how 
DNA barcoding has emerged as a new paradigm for species identification, (2) to discuss how DNA 
barcoding complement taxonomy, (3) to discuss the potential benefits of using DNA barcoding for 
the inventory and conservation of Southeast Asia freshwater fishes. 
Why DNA barcoding emerged as a new perspective in taxonomy?  
Godfray (2002) stated that using morphological characters for species delineation do not 
reveal all the diversity of the world biodiversity because it is time-consuming, while funds and            
specialist taxonomists are few nowadays. Thus, screening phenotypes is often of limited use and 
molecular methods such as DNA barcoding may open new perspectives (Blaxter 2003). Quoting 
Mallet and Willmott (2003:59): “Biodiversity is in crisis, and taxonomy is now in vogue again…”. 
Then, quoting Shimura (2010) in Vernooy et al. (2010:1): “…The science of taxonomy is key to 
understanding and monitoring biodiversity…”. The last two quotes highlights that conservation          
biology is a discipline tightly related to the timeframe of taxonomic studies based on morphology 
(Wilson 2000, Fisher & Smith 2008 in Smith et al. 2008) and both taxonomist and ecologist are 
responsible of the identification of priority species for conservation plans (Smith et al. 2008).             
Radulovici et al. (2010) stated that species identification could be conducted quickly, accurately, 
and at low cost through molecular analysis. 
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The characterisation and documentation of biodiversity using phenotypes is currently             
bridled by several limits inherent to morphological characters. First, the morphological variation of 
a species often overlaps that of its sister taxa in nature (i.e. morphological characters are similar for 
some individuals belonging to different species), which can lead to incorrect identifications or               
species delineations if based on morphological characters only (Pfenninger et al. 2006). Second, the 
diagnostic morphological characters used for species identification are often defined on adults and 
may be of limited used for the identification of some ontogenetic stages (e.g. larval stages) or              
particular samples (e.g. fish fillet). By contrast, DNA-based identifications may be applied               
whatever the life stages under scrutiny or available biological materials for identification (Caterino 
& Tishechkin 2006, Pegg et al. 2006). Third, new species have been frequently detected using 
DNA-based methods, sometimes in the absence of diagnostic morphological characters to further 
discriminate them (i.e. cryptic species) (Hebert et al. 2004a, Witt et al. 2006, Smith et al. 2007). 
Tautz et al. (2002) proposed that DNA might offer new perspectives in taxonomy (Hebert et 
al. 2003, Hebert et al. 2004b, Hebert & Gregory 2005). DNA barcoding is a fast, easy,  relatively 
inexpensive approach that provides alternative solutions for species difficult to identify because of 
their morphological similarity (i.e. cryptic species). Cryptic species are actually  separated by             
reproductive isolation or alternative geographic distribution but they lack morphological differences 
or exhibit conflicting individual assignment to the species level if based on morphological               
characters. Thus, DNA barcoding may help clarify the biological status of morphological            
variations within and among closely related species, and guide the detection of new diagnostic               
morphological characters. 
DNA barcoding and taxonomy: how they complement each other  
Species concept and the need for integrative taxonomy 
The main purpose of taxonomy is to delineate species, to explore their boundaries and to 
develop the knowledge to further assign specimens to nominal species (Mallet & Willmott 2003, 
Seberg et al. 2003, Godfray 2007). Identifying and delineating species is a very important activity 
that has many applications as, for instance, the control of human pathogens, or identifying suitable 
biological control agent for agricultural pests (Godfray & Knapp 2004, Agnarsson & Kuntner 2007, 
Godfray 2007). Therefore, “Ideally, identification should be easy and efficient because different 
users, such as pharmacologists, physiologists, conservation biologists and ecologists, need to 
identify species…. (Dayrat 2005:408)”.  
From an historical perspective, several operational species concept have been proposed and 
applied: 
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1. Morphospecies concept (MSC) 
      According to this concept, the delineation of species is based on the morphological             
discrimination of specimens that lead to the recognition of morphospecies (Cain 1954 in Dayrat 
2005). The variability of morphological characters likely affects this concept, but many species 
have been described based on this concept (Dayrat 2005). 
2.  Biological species concept (BSC) 
Biological species includes interbreeding individuals that produce fertile offsprings.               
Reproductive isolation can be either based on: (i) isolation, that is the intrinsic reproductive                
isolation - the absence of interbreeding between heterospecific organisms based on intrinsic               
properties -, as opposed to extrinsic [geographic] barriers; or (ii) recognition, that is the shared            
specific mate recognition or the fertilisation system mechanisms by which conspecific organisms, 
or their gametes, recognise one another for mating and fertilisation (De-Queiroz 2007). 
3.  Phylogenetic species concept (PSC) 
PSC is based on a phylogenetic property of species that is the monophyly (all individuals are 
derived from a common ancestor that shared derived character states). When considering genetic 
characteristics, these refer to all alleles of a given gene that are descended from a common ancestral 
allele, yet not being shared with those of other species (De-Queiroz 2007). 
Integrative taxonomy or integrated concepts required unifying the properties of each concept 
for species delineation in order to cope with the diversity of speciation mechanisms and species 
properties in nature (De-Queiroz 2007). It is now acknowledged that the criteria for species             
recognition derived from the species concepts are not fundamental properties of the species but 
clues to be invoked for justifying hypotheses of species delineation (De-Queiroz 2007). Considering 
the diversity of the mechanisms leading to the emergence of new species, species can exhibit              
multiple combinations of the criteria defined by the MSC, BSC and PSC. In this context, combining 
evidences from different sources of biological characters may be expected to provide hypotheses of 
species delineation that are more robust than those based on a single source of evidence (Pante et al. 
2015). This statement calls for an integrated assessment of independent evidence based on genomes, 
phenotypes and ecology (e.g. Smith et al. 2008). It has been recently proposed that the integration 
of DNA barcoding as a preliminary step during biodiversity inventories may help speed up the pace 
of species discovery by avoiding the time consuming sorting of specimens based on their                 
morphological attributes. This approach, recently named as ‘turbo-taxonomy’, proved to open new 
perspective in taxonomy by streamlining the description of large number of species through the 
combination of DNA barcodes, concise morphological descriptions and high-resolution digital                
images (Butcher et al. 2012, Riedel et al. 2013). 
4 
Treubia 43: 1–16, December 2016 
1. Morphospecies concept (MSC) 
      According to this concept, the delineation of species is based on the morphological             
discrimination of specimens that lead to the recognition of morphospecies (Cain 1954 in Dayrat 
2005). The variability of morphological characters likely affects this concept, but many species 
have been described based on this concept (Dayrat 2005). 
2.  Biological species concept (BSC) 
Biological species includes interbreeding individuals that produce fertile offsprings.               
Reproductive isolation can be either based on: (i) isolation, that is the intrinsic reproductive                
isolation - the absence of interbreeding between heterospecific organisms based on intrinsic               
properties -, as opposed to extrinsic [geographic] barriers; or (ii) recognition, that is the shared            
specific mate recognition or the fertilisation system mechanisms by which conspecific organisms, 
or their gametes, recognise one another for mating and fertilisation (De-Queiroz 2007). 
3.  Phylogenetic species concept (PSC) 
PSC is based on a phylogenetic property of species that is the monophyly (all individuals are 
derived from a common ancestor that shared derived character states). When considering genetic 
characteristics, these refer to all alleles of a given gene that are descended from a common ancestral 
allele, yet not being shared with those of other species (De-Queiroz 2007). 
Integrative taxonomy or integrated concepts required unifying the properties of each concept 
for species delineation in order to cope with the diversity of speciation mechanisms and species 
properties in nature (De-Queiroz 2007). It is now acknowledged that the criteria for species             
recognition derived from the species concepts are not fundamental properties of the species but 
clues to be invoked for justifying hypotheses of species delineation (De-Queiroz 2007). Considering 
the diversity of the mechanisms leading to the emergence of new species, species can exhibit              
multiple combinations of the criteria defined by the MSC, BSC and PSC. In this context, combining 
evidences from different sources of biological characters may be expected to provide hypotheses of 
species delineation that are more robust than those based on a single source of evidence (Pante et al. 
2015). This statement calls for an integrated assessment of independent evidence based on genomes, 
phenotypes and ecology (e.g. Smith et al. 2008). It has been recently proposed that the integration 
of DNA barcoding as a preliminary step during biodiversity inventories may help speed up the pace 
of species discovery by avoiding the time consuming sorting of specimens based on their                 
morphological attributes. This approach, recently named as ‘turbo-taxonomy’, proved to open new 
perspective in taxonomy by streamlining the description of large number of species through the 
combination of DNA barcodes, concise morphological descriptions and high-resolution digital                
images (Butcher et al. 2012, Riedel et al. 2013). 
5 
Dahruddin et al.: DNA barcoding: foundations and applications for Southeast Asian freshwater fishes 
Concepts behind DNA barcoding (repeatability and accessibility of the data)  
DNA barcoding is a system designed to provide accurate, fast, and automatable species 
identification by using short and standardised gene regions as internal species tag (Hebert &          
Gregory 2005). DNA barcoding is an accessible method for anyone who wants to use molecular 
data for species identification either in basic or applied research related to health or medical             
purposes and even food security (Hebert & Gregory 2005). DNA barcodes data are easily accessible 
through BOLD (Ratnasingham & Hebert 2007), even for researcher focusing on zoogeography or               
phylogenetic reconstructions. 
DNA barcode records are expected to follows the standards in BOLD (Fig. 1), as established 
by Ratnasingham and Hebert (2007) and Hubert et al. (2008), namely:  
1. Name of species 
2. Voucher data (catalog number and repository institution) 
3. Collection data (collector, collection date and location with GPS coordinates) 
4. Identifier (people who identified of specimen) 
5. The order of sequence COI at least 500 bp 
6. PCR primers used to generate amplicons    
7. Traces file  (raw electropherograms from sequencing analyses) 
The data elements of a record in BOLD are separated into: (i) a specimen page that includes 
the information about the voucher specimen such as identifier, taxonomy, GPS data and               
photograph, catalog repository and museum catalog number, (ii) a sequence page that includes the 
DNA barcode sequence, PCR primers and trace files (Hubert et al. 2008). 
Quoting Smith et al. (2008:12364) “…the barcoded specimens are vouchered in permanent 
collections for repeated iterative study and are linked through publicly accessible databases of host 
records and associated metadata…”. Then, quoting Hebert and Gregory (2005:852) “…DNA             
barcoding allows a day to be envisioned when every curious mind, from professional biologists to 
schoolchildren, will have easy access to the names and biological attributes of any species on the 
planet”. These two quotes highlight the repeatability and accessibility of DNA barcodes data in 
BOLD for universal applications involving species identification. 
Benefits of DNA barcoding based on a mitochondrial gene 
DNA barcoding rely on the COI mitochondrial gene that presents several advantages: (1) the 
mitochondrial genome is present in a large number of copies yielding substantial amounts of               
genomic DNA from a variety of extraction methods (Gemeinholzer et al. 2010, Weigt et al. 2012); 
(2) the high mutation rate and small effective population size make it often an informative genome 
about evolutionary patterns and processes; (3) multiple primers and new amplification techniques 
based on primers cocktail have been developed for the ease of amplification across metazoan               
lineages (e.g. Ivanova et al. 2007). 
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So far, results of DNA barcoding are mostly above 90% of accuracy for species               
identification that is, DNA barcodes have been estimated to match morphospecies in 90% of the 
species analysed, the 10% of failure resulting from the retention of ancestral polymorphism or            
introgressive hybridisation (Hubert et al. 2008, April et al. 2011, Pereira et al. 2013). This result 
highlights that DNA barcoding is a powerful tool for species identification (Pereira et al. 2013). For 
some vertebrate taxa, alternative mitochondrial markers have been frequently used in the past, such 
as 12S rRNA and 16S, thus successfully enabling species delineation in several groups such as              
amphibians (Matsui et al. 2012, Nishikawa et al. 2012). Although, quoting Smith et al. (2008:238) 
“In our preliminary sampling of Holarctic amphibians — we found that a single mitochondrial gene 
DNA barcode correctly identified 94% of species. Amplicons of the 5ƍ CO1 region are               
straightforward to generate using standard primers designed for insects and vertebrates, we               
experienced no more difficulty with amphibian samples than with insects (Hebert et al. 2004a, 
Smith et al. 2005), fishes (Ward et al. 2005), birds (Hebert et al. 2004b), or bats (Clare et al. 
2007)”. This result highlights that DNA barcoding may be successfully applied for the whole             
vertebrate fauna. 
For a barcoding approach to species identification to succeed, however, within-species DNA 
sequences need to be more similar to one another than to sequences in different species. Several 
processes, such as pseudogenes ontogenesis, introgressive hybridisation, and retention of ancestral 
polymorphism pose potential difficulties in capturing species boundaries using mtDNA sequences 
(Funk & Omland 2003, Pamilo & Nei 1988, Zhang & Hewitt 1996). The detection of mixed               
genealogy between closely related species has been previously estimated to occur in nearly 20               
percent of the cases in the wild (Funk & Omland 2003). Recent barcoding studies emphasised that 
this percentage can vary widely among phyla, yet species assignment failures typically do not              
exceed 5 to 10 percent in a large array of organisms (April et al. 2011, Hubert et al. 2012, Kerr et 
al. 2007). Nevertheless, distinguishing between introgressive hybridisation and the retention of            
ancestral polymorphism call for an integrative assessment of independent sources of evidence               
including nuclear DNA and phenotypes due to the maternal inherence of the mitochondrial genome 
(Funk & Omland 2003). 
Applications of DNA barcoding in fish biology and conservation in Southeast Asia 
Taxonomy and species delineation: cryptic diversity  
During the last years, several DNA-based studies highlighted the limits of morphological 
characters to accurately delineate and uncovered new species as a substantial amount of cryptic           
diversity has been frequently described and fishes are no exception. Many examples have been             
described in Indo-Pacific coral reef fishes (Hubert et al. 2012), Indo-Malay Carangidae (Teleosteii: 
Perciformes) (Jaafar et al. 2012), flathead fishes (Scorpaeniformes: Platycephalidae) (Puckridge           
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et al. 2013) and gobies from the genus Trimma (Percomorpha, Gobiiformes) (Winterbottom et al. 
2014). These studies have enlarged the growing body of evidence suggesting that cryptic diversity 
may be a much common trend than previously considered as cases of cryptic diversity have been 
detected in neotropical butterflies (Hebert et al. 2004a), ants of Madagascar (Smith et al. 2005),          
parasitoid flies and wasps from Central America (Smith et al. 2007, Smith et al. 2008). Worth             
mentioning, all these studies were based on the use of DNA barcoding as a first step during                 
biodiversity inventories. 
Identification of early life stages 
The most prominent benefit of DNA barcoding for species identification lies in the ability to 
identify early stages that cannot be done by using morphological characters. DNA barcoding proved 
to be effective for identifying species in juvenile and larvae of Lutjanus cyanopterus in Caribbean 
beach (Victor et al. 2009), and mantis shrimp larvae from coral reefs in Kimbe Bay, Western              
Pacific, Papua New Guinea and Red Sea (Barber & Boyce 2006). Along the same line, Hubert and 
colleagues (2010) collected 46 larvae of Pacific coral reef fishes from the families Holocentridae 
and Acanturidae, 100% of which were identified to the species level through DNA barcoding 
(Hubert et al. 2010). Similarly, Ko and colleagues (2013) estimated, based on DNA barcoding, that 
less than 30% of marine fish larvae were accurately identified to the species level based on                   
morphological characters (Ko et al. 2013). Later, Hubert and colleagues (2015) evidenced that on 
1379 coral reef fish larvae sampled in the Pacific, 1264 samples were successfully amplified (92 %) 
and nearly 90 % can be identified to the species level through DNA barcodes.  
Market substitution and the ornamental fish trade 
Expensive fishes for consumption like Tuna are much appreciated worldwide. Substitutions 
with inexpensive fishes (less flavour, low in nutrients, readily available, low price) are tempting and 
Tuna fishes are no exception. After testing the identity of samples of “White Tuna Sushi” through 
DNA barcoding in North American market, Wong & Hanner (2008) detected that the sold fillet 
were derived from the fish Oreochromis mossambicus instead of Thunnus alalunga or “White tuna 
or Albacore tuna”. For safety and economic reasons, the certification of appropriate labeling for              
fisheries products is required. Recent studies highlighted that DNA barcoding may be efficiently 
used for the regulation of the fisheries market and detection of market substitution (Ardura et al. 
2010, Haye et al. 2012, Maralit et al. 2013, Cutarelli 2014). 
Alternatively, ornamental fishes are much appreciated by the public as pet animals due to 
less space required space than the other domesticated animals; an aquarium of only 30 cm size can 
be readily used to enjoy ornamental fishes. Many tropical ornamental fishes display beautiful 
colours and are popular (Veiga et al. 2014), thus provide important sources of incomes. The 
international ornamental fish market has drastically increased during the recent years. This pressure 
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urges for the regulation of this market to protect native species and to promote more sustainable 
practices. Many ornamental fishes fall in the category of endemic and threatened in the IUCN Red 
List. Conservation of ornamental fishes is a concern in order to avoid their extinction in natural 
habitat (Raghavan et al. 2013). One important element of the regulation is the effective 
identification of the species. For this purpose, DNA barcoding has proven to meet the requirement 
as shown in the following studies that  successfully identify species each in a promising success 
percentage: 98% of the 391 species of Indo-Pacific coral reef fishes analyzed by Steinke et al. 
(2009); 90–99% of the 172 cyprinid fish species examined by Collins et al. (2012); and 60% (6 
species) of the 10 species of Hyphessobrycon, which were altogether represented by 158 specimens 
observed by Paz et al. (2014), were easily distinguishable by DNA barcoding: H. bentosi, H. 
copelandi, H. eques, H. epicharis, H. pulchripinnis, and H. sweglesi. 
DNA barcoding enables to identify species for the purpose of certifying the labeling of             
consumed fisheries products for consumption as well as verifying the species identification in the 
export-import business of the international ornamental fish trade. Exporting countries can increase 
their incomes by improving the competitiveness of their fisheries products with the certification and 
the accurate labeling. Importing countries can significantly reduce the loss due to misidentification 
simply by using DNA barcoding (Steinke et al. 2009, Collins et al. 2012, Raghavan et al. 2013). 
Parties associated with the ornamental fish trade regulations are collectors, wholesalers and               
retailers, as well as regulatory control agencies, all of which will undoubtedly benefit from the               
identification services available from a comprehensive DNA barcoding framework (Steinke et al. 
2009). 
Perspectives  
Biodiversity hotspots and the taxonomic impediment: the example of fishes  
Biodiversity is not evenly distributed in the world, some parts of which have a higher             
number of endemic species that are impaired primarily by human activities. Such areas are               
classified as ”biodiversity hotspots” (Myers et al. 2000) and constitute absolute priorities for              
conservation purposes (Sechrest et al. 2002). To date, 25 hotspots are recognised worldwide based 
on the number of endemic species in plants and four groups of vertebrates including mammals, 
birds, reptiles and ampibia (Fig. 2). Among those 25 hotspots, two are present in Indonesia, namely 
Sundaland and Wallacea. In Sundaland, a total of 701 species of endemic vertebrates live in               
protected areas covering 90000 km2, while it adds up to 529 species in 20415 km2 correspondingly 
in Wallacea. For the four groups of vertebrate, Sundaland has a high percentage of endemic               
vertebrates species namely 2.6%, which is higher than Brazil, one of the highest biodiversity            
countries in the world with 2.1%. Globally, Sundaland is the third hotspot in terms of endemism, 
while the most diverse Amazonian hotspots is the fourth (Myers et al. 2000). The exponential 
10 
Treubia 43: 1–16, December 2016 
growth of human impacts on ecosystems has called considerable attention on the role of                        
biodiversity in maintaining ecosystem services on which a growing human population depends. 
Ecosystems provide a wide variety of services including food resources (e.g. fisheries) and incomes 
(e.g. ecotourism) for millions of people, flood control (e.g. forest cover) and waste detoxification 
(e.g. nitrogen cycle). Recent meta-analyses of threats, however, evidenced that Indonesian hotspots 
are the world most endangered to date (Orme et al. 2005, Lamoureux et al. 2006, Hoffman et al. 
2010). 
Fishes account for more than 50% of entire vertebrate diversity with 32.900 fish species       
described worldwide (Nelson 2006, Froese & Pauly 2014). Kottelat & Whitten (1996) proposed  
biodiversity hotspots based of freshwater fish species endemism in Sundaland and Wallacea (Fig. 
3). Kottelat & Whitten (1996) stated that Indonesia has the highest number of freshwater fish            
species among the Asian countries and second worldwide after Brazil with 1216 species (Froese & 
Pauly 2014). Endemic freshwater fish species in both Sundaland and Wallacea altogether (i.e.             
Sumatra, Borneo, Java and Sulawesi) add up to 243 species (Kottelat et al. 1993). Given the high 
endemic diversity and multiple threats on freshwater fishes, the accumulation of new studies is      
likely to increase the number of endemic species and provide clues for the definition of new            
biodiversity hotspots for fishes (e.g. Kadarusman et al. 2012). 
Figure 2. The 25 world hotspots (Myers 2000). 
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How DNA barcoding can help for the conservation of the biodiversity hotspots 
Fishes account for half of the vertebrate species described to date. Nevertheless, this               
estimation is likely to be underestimated as many fish species are still to be validated because the 
majority of the fish species described to date have been delineated using a traditional analyses of 
morphological characters, thus not accounting for the existence of cryptic taxa, and many areas are 
still to be explored. Although, many locations or habitats have not been categorized as biodiversity 
hotspots because of the paucity of ichthyological inventories in those regions that have experienced 
an increase of the anthropogenic pressures during the last decade (e.g. Papua). DNA barcoding, as 
an accurate tool for species delineation, has the potential to accelerate the pace of species               
description, particularly in remote and unexplored areas that may prove to constitute biodiversity 
hotspots (e.g. Kadarusman et al. 2012). Together with the morphological approach, DNA barcoding 
will help to validate and/or to delineate new fish species and to promote more taxonomic studies on 
fishes. Generally, biodiversity hotspots have been determined through the number of endemic              
species based on morphospecies concept, especially for species described before the 2000s. The 
joint use of DNA barcoding and morphology to delineate species may prove to be a solution for the 
appraisal of difficult cases such as cryptic species. Along the same line, biodiversity hotspots, such 
as Sundaland and Wallacea, may be prove to be even more important in terms of endemism if DNA 
barcoding, for instance, reveal a substantial amount of endemic cryptic species. Along the same 
line, a more detailed knowledge of the distribution and the concordance of the species range               
distributions among endemic species may also lead to the recognition of sub-regions within these 
majors biodiversity hotspots that are currently more endangered than others. 
Figure 3. Hotspots based on the distribution of Sundaland freshwater fishes (source: modified of Kottelat & Whitten 1996). 
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CONCLUSIONS 
DNA barcoding, as a new component of biodiversity sciences and integrated with taxonomic 
routines, is expected to help delineate species more accurately and to open new perspective in the 
inventory and conservation of living beings. This is particularly evident in for the biodiversity 
hotspots where inventorying is still ongoing. Due to the properties of mitochondrial DNA, DNA 
barcoding can be readily used to identify specimens, whatever the life stages under scrutiny. Much 
of the hindrance toward the development of taxonomy lies in the cost and time needed to train new 
taxonomists based on morphological approaches. DNA barcoding currently offers an efficient             
solution to the taxonomic impediment. Therefore, DNA barcoding makes taxonomy more attractive 
to many scientists and students interested in learning taxonomy.  
 
ACKNOWLEDGMENTS 
 The authors would like to thank Dr. Siti Nuramaliati Prijono, Dr. Ir. Witjaksono, M.Sc.,      
Mohammad Irham, M.Sc., Dr. Marlina Ardiyani, Prof. Dr. Rosichon Ubaidillah, M.Phil., Prof. Dr. 
Gono Semiadi, Ir. Wirdateti, M.Si., Dr. Wartika Rosa Farida, Sopian Sauri and Yulianto, S.Si.              
at Research Centre for Biology, Prof. Dr. Jean-Paul Toutain and Prof. Dr. Jean-François Agnèse 
from the ‘Institut de Recherche pour le Développement’ and Dr. Bambang Suryobroto at the Bogor 
Agricultural University for their support as well as the staff of the genetic lab at the Research Centre 
for Biology for constructive discussions. We would like to thank Dr. Amir Hamidy and the                    
anonymous reviewers for their insightful comments on earlier versions of the manuscript. 
REFERENCES 
Agnarsson, I. & M. Kuntner 2007. Taxonomy in a changing world: seeking solutions for a science in crisis. 
Systematic Biology 56 (3):531–539. 
April, J., R.L. Mayden, R.H. Hanner & L. Bernatcheza 2011. Genetic calibration of species diversity among 
North America’s freshwater fishes. Proceedings of the National Academy of Sciences 108 (26):10602–
10607. 
Ardura, A., A.R. Linde, J.C. Moreira & E.G. Vazquez 2010. DNA barcoding for conservation and                
management of Amazonian commercial fish. Biological Conservation 143: 1438-1443.  
Armstrong, K.F. & S.L. Ball 2005. DNA barcodes for biosecurity: invasive species identification.                      
Philosophical Transactions of the Royal Society B 360:1813-1823. 
Barber P. & S.L. Boyce 2006. Estimating diversity of Indo-Pacific coral reef stomatopods through DNA                    
barcoding of stomatopod larvae. Proceedings of the Royal Society London B 273: 2053-2061  
Blaxter, M. 2003. Counting Angels with DNA. Nature 421: 122-124. 
Butcher, B. A., M. A. Smith, M. J. Sharkey, D. L. J. Quicke 2012. A turbo-taxonomic study of Thai Aleiodes 
(Aleiodes) and Aleiodes (Arcaleiodes) (Hymenoptera: Braconidae: Rogadiniae) based largely on COI 
barcoded specimens, with rapid descriptions of 179 new species. Zootaxa 3457:1-232. 
Caterino, M.S. & A.K. Tishechkin 2006. DNA identification and morphological description of the first 
confirmed larvae of Hetaeriinae (Coleoptera: Histeridae). Systematic Entomology 31: 405–418. 
12 
Treubia 43: 1–16, December 2016 
CONCLUSIONS 
DNA barcoding, as a new component of biodiversity sciences and integrated with taxonomic 
routines, is expected to help delineate species more accurately and to open new perspective in the 
inventory and conservation of living beings. This is particularly evident in for the biodiversity 
hotspots where inventorying is still ongoing. Due to the properties of mitochondrial DNA, DNA 
barcoding can be readily used to identify specimens, whatever the life stages under scrutiny. Much 
of the hindrance toward the development of taxonomy lies in the cost and time needed to train new 
taxonomists based on morphological approaches. DNA barcoding currently offers an efficient             
solution to the taxonomic impediment. Therefore, DNA barcoding makes taxonomy more attractive 
to many scientists and students interested in learning taxonomy.  
 
ACKNOWLEDGMENTS 
 The authors would like to thank Dr. Siti Nuramaliati Prijono, Dr. Ir. Witjaksono, M.Sc.,      
Mohammad Irham, M.Sc., Dr. Marlina Ardiyani, Prof. Dr. Rosichon Ubaidillah, M.Phil., Prof. Dr. 
Gono Semiadi, Ir. Wirdateti, M.Si., Dr. Wartika Rosa Farida, Sopian Sauri and Yulianto, S.Si.              
at Research Centre for Biology, Prof. Dr. Jean-Paul Toutain and Prof. Dr. Jean-François Agnèse 
from the ‘Institut de Recherche pour le Développement’ and Dr. Bambang Suryobroto at the Bogor 
Agricultural University for their support as well as the staff of the genetic lab at the Research Centre 
for Biology for constructive discussions. We would like to thank Dr. Amir Hamidy and the                    
anonymous reviewers for their insightful comments on earlier versions of the manuscript. 
REFERENCES 
Agnarsson, I. & M. Kuntner 2007. Taxonomy in a changing world: seeking solutions for a science in crisis. 
Systematic Biology 56 (3):531–539. 
April, J., R.L. Mayden, R.H. Hanner & L. Bernatcheza 2011. Genetic calibration of species diversity among 
North America’s freshwater fishes. Proceedings of the National Academy of Sciences 108 (26):10602–
10607. 
Ardura, A., A.R. Linde, J.C. Moreira & E.G. Vazquez 2010. DNA barcoding for conservation and                
management of Amazonian commercial fish. Biological Conservation 143: 1438-1443.  
Armstrong, K.F. & S.L. Ball 2005. DNA barcodes for biosecurity: invasive species identification.                      
Philosophical Transactions of the Royal Society B 360:1813-1823. 
Barber P. & S.L. Boyce 2006. Estimating diversity of Indo-Pacific coral reef stomatopods through DNA                    
barcoding of stomatopod larvae. Proceedings of the Royal Society London B 273: 2053-2061  
Blaxter, M. 2003. Counting Angels with DNA. Nature 421: 122-124. 
Butcher, B. A., M. A. Smith, M. J. Sharkey, D. L. J. Quicke 2012. A turbo-taxonomic study of Thai Aleiodes 
(Aleiodes) and Aleiodes (Arcaleiodes) (Hymenoptera: Braconidae: Rogadiniae) based largely on COI 
barcoded specimens, with rapid descriptions of 179 new species. Zootaxa 3457:1-232. 
Caterino, M.S. & A.K. Tishechkin 2006. DNA identification and morphological description of the first 
confirmed larvae of Hetaeriinae (Coleoptera: Histeridae). Systematic Entomology 31: 405–418. 
13 
Dahruddin et al.: DNA barcoding: foundations and applications for Southeast Asian freshwater fishes 
Clare, E.L., B.K. Lim, M.D. Engstrom, J.L. Eger & P.D.N. Hebert 2007. DNA barcoding of Neotropical 
bats: species identification and discovery within Guyana. Molecular Ecology Notes 7: 184-190. 
Collins, R.A., K.F. Armstrong, R. Meier, Y. Yiz, S.D.J. Brown, R. Cruickshanks, S. Keeling & C. Jonston 
2012.  Barcoding and border biosecurity: identifying cyprinid fishes in the aquarium trade. Plos One 
7 (1): e28381. doi: 10.1371/journal.pone.0028381. 
Cutarelli, A., M.G. Amoroso, A. De-Roma, S. Girardi, G. Galiero, A. Guarino & F. Corrado 2014. Italian 
market and commercial fish species identification by DNA sequencing revealing frauds. Food 
Control 37: 46-50.  
Dayrat, B. 2005. Toward integrative taxonomy. Biological Journal of the Linnean Society 85: 407–415. 
De-Carvalho, M.R., F.A. Bockmann, D.S. Amorim, M. Devivo, M.D.T. Piza, N.A. Menezes, J.L.                 
De-Figueiredo, R.M.C. Castro, A.C. Gill & J.D. Mc-Eachran et al. 2005. Revisiting the taxonomic 
impediment. Science 307 (5708): 353pp. doi: 10.1126/science.307.5708.353b. 
De-Queiroz, K. 2007. Species concepts and species delimitation. Systematic Biology 56 (6): 879–886. 
Floyd, R., J. Lima, J. De-Waard, L. Humble & R. Hanner 2010. Common goals: policy implications of 
DNA barcoding as a protocol for identification of arthropod pests. Biological Invasions 12:2947-
2954. 
Forest, F., R. Grenyer, M. Rouget, T.J. Davies, R.M. Cowling, D.P. Faith, A. Balmford, J.C. Manning, S. 
Proches, M. VanDer-Bank, G. Reeves, T.A.J. Hedderson & V. Savolainen 2007. Preserving the 
evolutionary potential of floras in biodiversity hotspots. Nature  445:757-760. 
Fouquet, A., A. Gilles, M. Vences, C. Marty, M. Blanc & N.J. Gemmell 2007. Underestimation of species 
richness in Neotropical frogs revealed by mtDNA analyses. Plos One 2 (10):e1109. 
Froese, R. & D. Pauly 2014. Fishbase world wide web electronic publication. [Online] <http://
www.fishbase.org> [accessed 30 October 2014]. 
Funk, D.J. & K.E. Omland 2003. Species-level paraphyly and polyphyly: frequency, causes and 
consequences, with insights from animal mitonchondria DNA. Annual Review of Ecology, 
Evolution and Systematics 34: 397-423. 
Gemeinholzer , B., I. Rey, K. Weising, M. Grundmann, A.N. Muellner, H. Zetzsche, G. Droege, O. Seberg, 
G. Petersen, D. Rawson et al. 2010. Organizing specimen and tissue preservation in the field for 
subsequent molecular analyses. In: J. Eymann, J. Degreef, C. Häuser, J.C. Monje, Y. Samyn, D. 
Vanden-Spiegel (eds.), Manual on field recording techniques and protocols for All Taxa Biodiversity 
Inventories and Monitoring. The Belgian National Focal Point to the Global Taxonomy Initiative 
Press, Belgium, 8 (1): pp. 129–157. 
Godfray, H.C.J. 2002. Challenges for taxonomy. Nature 417: 17-19.  
Godfray, H.C.J. 2006. To boldy sequence. TRENDS in Ecology and Evolution 21:503-504. 
Godfray, H.C.J. 2007. Linnaeus in the information age. Nature 446: 259-260. 
Godfray, H.C.J. & S. Knapp 2004. Introduction of taxonomy for the twentyfirst century. Philosophical 
Transactions of the Royal Society B 359: 559–569.  
Haye, P.A., N.I. Segovia, R. Vera, M.D.L.A Gallardo & C.G. Escarate 2012. Authentication of crab-meat 
commercialized in Chile using DNA barcoding. Food Control 25: 239-244.  
Hebert, P.D.N., A. Cywinska, S.L. Ball & J.R. De-Waard 2003. Biological identifications through DNA             
barcoding. Proceedings of the Royal Society London B 270: 313-321.  
Hebert, P.D.N. & T.R. Gregory 2005. The promise of DNA barcoding for taxonomy. Systematic Biology 54 
(5):852–859. 
Hebert, P.D.N., E.H. Penton, J.M. Burns, D.H. Janzen & W. Hallwachs 2004a. Ten species in one: DNA 
barcoding reveals cryptic species in the neotropical skipper butterfly Astraptes fulgerator. 
Proceedings of the National Academy of Sciences 101: 14812–14817. 
Hebert, P.D.N., M.Y. Stoeckle, T.S. Zemlak & C.M. Francis. 2004b. Identification of birds through DNA 
Barcodes. Plos Biology 2 (10): 1657-1663. 
14 
Treubia 43: 1–16, December 2016 
Hoffman, M., C. Hilton-Taylor, A. Angulo, M. Böhm, T.M. Brooks, S.H.M. Butchart, K.E. Carpenter, J. 
Chanson, B. Collen, N.A. Cox et al. 2010. The impact of Conservation on the status of the world's 
vertebrates. Science 330:1503-1509. 
Holmes, B.H., D. Steinke & R.D. Ward 2009. Identification of shark and ray fins using DNA barcoding. 
Fisheries Research 95:280-288. 
Hubert, N., B. Espiau, C. Meyer & S. Planes 2015. Identifying the ichthyoplankton of a coral reef using 
DNA barcodes. Molecular Ecology Resources 15: 57-67. 
Hubert, N., R. Hanner, E. Holm, N.E. Mandrak, E. Taylor, M. Burridge, D. Watkinson, P. Dumont, A. 
Curry, P. Bentzen et al. 2008. Identifying Canadian freshwater fishes through DNA barcodings. PLoS 
One 3 (6): E2490. doi: 10.1371/journal.pone.0002490.  
Hubert, N., C.P. Meyer, H.J. Bruggemann, F. Guerin, R.J.L. Komeno, B. Espiau, R. Causse, J.T. Williams & 
S. Planes 2012. Cryptic diversity in Indo-Pacific coral reef fishes revealed by DNA barcoding 
provides new support to the centre of overlap hypothesis. PLoS One 7 (3): e28987. doi:10.1371/
journal.pone.0028987. 
Hubert, N., E.D. Trottin, J.O. Irisson, C. Meyer & S. Planes 2010. Identifying coral reef fish larvae through 
DNA barcoding: A test case with the families Acanthuridae and Holocentridae. Molecular 
Phylogenetics and Evolution 55: 1195-1203. 
Ivanova, N.V., T.S. Zemlak, R.H. Hanner & P.D.N. Hebert 2007. Universal primers cocktails for fish DNA 
barcoding. Molecular Ecology Notes 7:544-548. 
Jaafar, T.N.A.M., M.I. Taylor, S.A.M. Nor, M. De-Bruyn & G.R. Carvalho 2012. DNA barcoding reveals 
cryptic diversity within commercially exploited Indo-Malay Carangidae (Teleosteii: Perciformes). 
Plos One 7 (11): e49623. doi:10.1371/journal.pone.0049623. 
Kadarusman, N. Hubert, R.K. Hadiaty, Sudarto, E. Paradis & L. Pouyaud 2012. Cryptic diversity in Indo-
Australian Rainbowfishes revealed by DNA barcoding: implications for conservation in a biodiversity 
hotspot candidate. PLoS One 7 (7): e40627. doi: 10.1371/journal.pone.0040627.  
Kerr, K.C.R., M.Y. Stoeckle, C.J. Dove, L.A. Weigt, C.M. Francis & P.D.N. Hebert 2007. Comprehensive 
DNA barcode coverage of North American birds. Molecular Ecology Notes 7 (4): 535-543. 
Ko, H.L., Y.T. Wang, T.S. Chiu, M.A. Lee, M.Y. Leus, K.J. Chang, W.Y. Chen & K.T. Shao 2013. 
Evaluating the accuracy of morphological identification of larval fishes by applying DNA barcoding. 
Plos One 8 (1): e53451. doi:10.1371/journal.pone.0053451. 
Kottelat, M., A.J. Whitten, S.N. Kartikasari & S. Wirjoatmodjo 1993. Freshwater fishes of Western 
Indonesia and Sulawesi. Periplus Editions Limited, Jakarta, 79 pp. 
Kottelat, M. & T. Whitten 1996. Freshwater biodiversity in asia (with special reference to fish). The Word 
Bank, Washington, 59 pp. 
Lamoureux, J.F., J.C. Morrison, T.H. Ricketts, D.M. Olson, E. Dinerstein, M.W. McKnight & H.H. Shugart 
2006. Global tests of biodiversity concordance and the importance of endemism. Nature 440:212-214. 
Mallet, J. & K. Willmott 2003. Taxonomy: renaissance or tower of babel?. TRENDS in Ecology and 
Evolution 18 (2): 57-59. 
Maralit, B.A., R.D. Aguila, M.F.H. Ventolero, S.K.L. Perez, D.A. Willette & M.D. Santos 2013. Detection 
ofmislabeled commercial fishery by-products in the Philippines using Barcodings DNA and its                      
implications to food traceability and safety. Food Control 33: 119-125. 
Matsui, M., Mumpuni & A. Hamidy 2012. Description of a new species of Hylarana from Sumatra 
(Amphibia, Anura). Current Herpetology 31 (1): 38-46.  
Miller, S.E. 2007. DNA barcoding and the renaissance of taxonomy. Proceedings of the National Academy 
of Sciences 104 (12): 4775-4776. 
Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. Da-Fonseca & J. Kent 2000. Biodiversity hotspots 
for conservation priorities. Nature 403: 853-858.  
Nelson, J.S. 2006. Fishes of the word. John Wiley & Sons, New Jersey, 601 pp. 
14 
Treubia 43: 1–16, December 2016 
Hoffman, M., C. Hilton-Taylor, A. Angulo, M. Böhm, T.M. Brooks, S.H.M. Butchart, K.E. Carpenter, J. 
Chanson, B. Collen, N.A. Cox et al. 2010. The impact of Conservation on the status of the world's 
vertebrates. Science 330:1503-1509. 
Holmes, B.H., D. Steinke & R.D. Ward 2009. Identification of shark and ray fins using DNA barcoding. 
Fisheries Research 95:280-288. 
Hubert, N., B. Espiau, C. Meyer & S. Planes 2015. Identifying the ichthyoplankton of a coral reef using 
DNA barcodes. Molecular Ecology Resources 15: 57-67. 
Hubert, N., R. Hanner, E. Holm, N.E. Mandrak, E. Taylor, M. Burridge, D. Watkinson, P. Dumont, A. 
Curry, P. Bentzen et al. 2008. Identifying Canadian freshwater fishes through DNA barcodings. PLoS 
One 3 (6): E2490. doi: 10.1371/journal.pone.0002490.  
Hubert, N., C.P. Meyer, H.J. Bruggemann, F. Guerin, R.J.L. Komeno, B. Espiau, R. Causse, J.T. Williams & 
S. Planes 2012. Cryptic diversity in Indo-Pacific coral reef fishes revealed by DNA barcoding 
provides new support to the centre of overlap hypothesis. PLoS One 7 (3): e28987. doi:10.1371/
journal.pone.0028987. 
Hubert, N., E.D. Trottin, J.O. Irisson, C. Meyer & S. Planes 2010. Identifying coral reef fish larvae through 
DNA barcoding: A test case with the families Acanthuridae and Holocentridae. Molecular 
Phylogenetics and Evolution 55: 1195-1203. 
Ivanova, N.V., T.S. Zemlak, R.H. Hanner & P.D.N. Hebert 2007. Universal primers cocktails for fish DNA 
barcoding. Molecular Ecology Notes 7:544-548. 
Jaafar, T.N.A.M., M.I. Taylor, S.A.M. Nor, M. De-Bruyn & G.R. Carvalho 2012. DNA barcoding reveals 
cryptic diversity within commercially exploited Indo-Malay Carangidae (Teleosteii: Perciformes). 
Plos One 7 (11): e49623. doi:10.1371/journal.pone.0049623. 
Kadarusman, N. Hubert, R.K. Hadiaty, Sudarto, E. Paradis & L. Pouyaud 2012. Cryptic diversity in Indo-
Australian Rainbowfishes revealed by DNA barcoding: implications for conservation in a biodiversity 
hotspot candidate. PLoS One 7 (7): e40627. doi: 10.1371/journal.pone.0040627.  
Kerr, K.C.R., M.Y. Stoeckle, C.J. Dove, L.A. Weigt, C.M. Francis & P.D.N. Hebert 2007. Comprehensive 
DNA barcode coverage of North American birds. Molecular Ecology Notes 7 (4): 535-543. 
Ko, H.L., Y.T. Wang, T.S. Chiu, M.A. Lee, M.Y. Leus, K.J. Chang, W.Y. Chen & K.T. Shao 2013. 
Evaluating the accuracy of morphological identification of larval fishes by applying DNA barcoding. 
Plos One 8 (1): e53451. doi:10.1371/journal.pone.0053451. 
Kottelat, M., A.J. Whitten, S.N. Kartikasari & S. Wirjoatmodjo 1993. Freshwater fishes of Western 
Indonesia and Sulawesi. Periplus Editions Limited, Jakarta, 79 pp. 
Kottelat, M. & T. Whitten 1996. Freshwater biodiversity in asia (with special reference to fish). The Word 
Bank, Washington, 59 pp. 
Lamoureux, J.F., J.C. Morrison, T.H. Ricketts, D.M. Olson, E. Dinerstein, M.W. McKnight & H.H. Shugart 
2006. Global tests of biodiversity concordance and the importance of endemism. Nature 440:212-214. 
Mallet, J. & K. Willmott 2003. Taxonomy: renaissance or tower of babel?. TRENDS in Ecology and 
Evolution 18 (2): 57-59. 
Maralit, B.A., R.D. Aguila, M.F.H. Ventolero, S.K.L. Perez, D.A. Willette & M.D. Santos 2013. Detection 
ofmislabeled commercial fishery by-products in the Philippines using Barcodings DNA and its                      
implications to food traceability and safety. Food Control 33: 119-125. 
Matsui, M., Mumpuni & A. Hamidy 2012. Description of a new species of Hylarana from Sumatra 
(Amphibia, Anura). Current Herpetology 31 (1): 38-46.  
Miller, S.E. 2007. DNA barcoding and the renaissance of taxonomy. Proceedings of the National Academy 
of Sciences 104 (12): 4775-4776. 
Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. Da-Fonseca & J. Kent 2000. Biodiversity hotspots 
for conservation priorities. Nature 403: 853-858.  
Nelson, J.S. 2006. Fishes of the word. John Wiley & Sons, New Jersey, 601 pp. 
15 
Dahruddin et al.: DNA barcoding: foundations and applications for Southeast Asian freshwater fishes 
Nishikawa, K., M. Matsui, H.S. Yong, N. Ahmad, P. Yambun, D.M. Belabut, A. Sudin, A. Hamidy, N.L. 
Orlov, H. Ota et al. 2012. Molecular phylogeny and biogeography of Southeast Asia from the 
caecilians (Amphibia, Gymnophiona, Ichthyophiidae), with special reference to high cryptic species 
diversity in Sundaland. Molecular Phylogenetics and Evolution 63: 714-723. 
Orme, C.D.L., R.G. Davies, M. Burgess, F. Eigenbrod, N. Pickup, V.A. Olson, A.J. Webster, T.S. Ding et al. 
2005. Global hotspots of species richness are not congruent with endemism or threat. Nature 436:1016-
1019. 
Pamilo, P. & M. Nei 1988. Relationships between gene trees and species trees. Molecular Biology and 
Evolution 5: 568-581. 
Pante, E., N. Puillandre, A. Viricel, S. Arnaud-Haond, D. Aurelle, M. Castelin, A. Chenuil, C. Destombe, D. 
Forcioli, M. Valero, F. Viard, S. Samadi 2015. Species are hypotheses: avoid connectivity assessment 
based on pillars of sand. Molecular Ecology 24: 525-544. 
Paz, F.D.C., J.d.S. Batista & J.I.R. Porto 2014. DNA barcodes of Rosy Tetras and allied species 
(Characiformes: Characidae: Hyphessobrycon) from the Brazilian Amazon Basin. Plos One 9 (5): 
e98603. doi:  10.1371/journal.pone.0098603. 
Pegg, C.G., B. Sinclair, L. Briskey & W.J. Aspden 2006. MtDNA barcode identification of fish larvae in the 
southern great barrier reef, Australia. Scientia Marina 70: 7–12.  
Pereira, L.H.G., R. Hanner, F. Foresti & C. Oliveira 2013. Can DNA barcoding accurately discriminate 
megadiverse neotropical freshwater fish fauna?. BMC Genetics 14:20. 
Pfenninger, M., M. Cordellier & B. Streit 2006. Comparing the efficacy of morphologic and DNA-based 
taxonomy in the freshwater gastropod genus Radix (Basommatophora, Pulmonata). BMC Evolutionary 
Biology 6: 100. 
Puckridge, M., N. Andreakis, S.A. Appleyard & R.D. Ward 2013. Cryptic diversity in flathead fishes 
(Scorpaeniformes: Platycephalidae) across the Indo-West Pacific uncovered by DNA barcoding. 
Molecular Ecology Resources 13: 32-42.  
Radulovici, A.E., P. Archambault & F. Dufresne 2010. DNA barcodings for marine biodiversity: moving fast 
forward?. Diversity 2: 450-472.  
Raghavan,  R., N. Dahanukar, M.F. Tlusty, A.L. Rhyne, K.K. Kumar, S. Molur & A.M. Rosser 2013. 
Uncovering an obscure trade: threatened freshwater fishes and the aquarium pet markets. Biological 
Conservation 164: 158-169. 
Ratnasingham, S. & P.D.N. Hebert 2007. BOLD: the barcode of life data system (http://
www.barcodinglife.org). Molecular Ecology Notes 7 (3): 355-364.  
Riedel, A., K. Sagata, Y. R. Suhardjono, R. Tänzler, M. Balke 2013. Integrative taxonomy on the fast              
track - towards more sustainability in biodiversity research. Frontiers in Ecology 10:15. 
Seberg, O., C.J. Humphries, S. Knapp, D.W. Stevenson, G. Petersen, N. Scharff & N.M. Andersen 2003. 
Shortcuts in systematics? a commentary on DNA-based taxonomy. TRENDS in Ecology and                
Evolution 18 (2): 63-65. 
Sechrest, W., T.M. Brooks, G.A.B. da Fonseca, W.R. Konstant, R.A. Mittermeier, A. Purvis, A.B. Rylands & 
J.L. Gittleman. 2002. "Hotspots and the conservation of evolutionary history." Proceedings of the 
National Academy of Sciences 99 (4): 2067-2071. 
Smith, M.A., B.L. Fisher & P.D.N. Hebert 2005. DNA barcoding for effective biodiversity assessment of a 
hyperdiverse arthropod group: the ants of Madagascar. Philosophical Transactions of the Royal                
Society B 360: 1825–1834.  
Smith, M.A., J.J. Rodriguez, J.B. Whitfield, A.R. Deans, D.H. Jansen, W. Hallwachs & P.D.N. Hebert 2008. 
Extreme diversity of tropical parasitoid wasps exposed by iterative integration of natural history, DNA 
barcoding, morphology, and collections. Proceedings of the National Academy of Sciences 105 (34): 
12359-12364. 
Smith, M.A., D.M. Wood, D.H. Janzen, W. Hallwachs & P.D.N. Hebert 2007. DNA barcodes affirm that 16 
species of apparently generalist tropical parasitoid flies (Diptera, Tachinidae) are not all generalists. 
Proceedings of the National Academy of Sciences 104: 4967–4972. 
16 
Treubia 43: 1–16, December 2016 
Steinke, D., T.S. Zemlak & P.D.N. Hebert 2009. Barcoding nemo: DNA-based identifications for the                 
ornamental fish trade. Plos One 4 (7): e6300. doi: 10.1371/journal.pone.0006300. 
Stribling, J.B. 2006. Environmental protection using DNA barcodes or taxa? Bioscience 56: 878-879. 
Sutrisno, H., M.S.A. Zein & S. Sulandari 2013. DNA barcoding. In: Zein MSA, Prawiradilaga DM (eds.), 
DNA barcoding Fauna Indonesia. Kencana Press, Jakarta,  pp. 9-21. 
Tautz, D., P. Arctander, A. Minelli, R.H. Thomas & A.P. Vogler. 2002. DNA points the way ahead in                 
taxonomy. Nature 418: 479.  
Tautz, D., P. Arctander, A. Minelli, R.H. Thomas & A.P. Vogler. 2003. A plea for DNA taxonomy. 
TRENDS in Ecology and Evolution  18  (2): 70-74. 
Ubaidillah, R. & H. Sutrisno 2009. Introduction to biosystematics: theory and practice. LIPI Press, Jakarta, 
198 pp.
Veiga, A.M., O.D. Dominguez, J.E. Alacid & J. Lyons 2014.  The aquarium hobby: can sinners become
saints in freshwater fish conservation?. Fish and Fisheries. doi: 10.1111/faf.12097. 
Vernooy, R., E. Haribabu, M.R. Muller, J.H. Vogel, P.D.N. Hebert, D.E. Schindel, J. Shimura & G.A.C.
Singer 2010. Barcoding life to conserve biological diversity: beyond the taxonomic imperative. 
PLoS Biology  8 (7): e1000417. doi: 10.1371 / journal.pbio.1000417.  
Victor, B.C., R. Hanner, M. Shivji, J. Hyde & C. Caldow 2009. Identification of the larval and juvenile 
stages of the Cubera Snapper, Lutjanus cyanopterus, using DNA barcoding. Zootaxa 2215: 24-36
 Ward, R.D., T.S. Zemlak, B.H. Innes, P.R. Last, P.D.N. Hebert 2005. DNA barcoding Australia’s fish species. 
Philosophical Transactions of the Royal Society B  360 :1847-1857.  
Weigt, L.A., A.C. Driskell, C.C. Baldwin & A. Ormos 2012. DNA barcoding fishes. In: Kress WJ, 
Erickson DL (eds.),  DNA barcodes: Methods and Protocols. Humana Press, Washington, pp. 109-126.
Winterbottom, R., R.H. Hanner, M. Burridge & M. Zur 2014. A cornucopia of cryptic species - a DNA 
barcoding analysis of the gobiid fish genus Trimma (Percomorpha, Gobiiformes). ZooKeys 381: 79-111.  
Witt, J., D.S. Threloff, L. Doug & P.D.N. Hebert 2006. DNA barcoding reveals extraordinary cryptic diversity
in an amphipod genus: implications for desert spring conservation. Molecular Ecology 15: 3073–3082. 
Wong, E.H.K. & R.H. Hanner 2008. DNA barcoding detects market substitution in North American seafood. 
Food Research International  41 : 828-837. 
Zhang, D.X. & G.M. Hewitt 1996. Nuclear integrations: challenge for mitochondria DNA markers. 
TRENDS in Ecology and Evolution  11 : 247-251. 
104 
Treubia 43: 79–104, December 2016 
Smales, L.R. 2010. The gastrointestinal helminthes of Lorentzimys nouhuysi (Rodentia: Muridae) with     
descriptions of two new genera and three new species (Nematoda) from Papua New Guinea.     
Journal of Parasitology 96: 602–613. 
Smales, L.R. 2011. Gastrointestinal nematodes of Coccymys ruemmleri (rodentia, Muridae) with the       
description Montistrongylus giluwensis sp. nov. (heligmonellidae) and Syphacia coccymyos sp. 
nov. (oxyuridae) from Papua new Guinea. Acta Parasitologia 56: 418–426.  
Stelbrink, B., C. Albrecht, H. Hall & T. von Rintelen 2012. The biogeography of Sulawesi revisited: is there 
evidence for a vicariant origin of taxa on Wallace’s “anomalous island”?  Evolution 66: 2252-
2271. 
Tubangui, M. A. 1931. Worm parasites of the brown rat (Mus norvegicus) in the Philippine Islands, with 
special reference to those forms that may be transmitted to human beings. Philippine Journal of 
Science 46: 537-591. 
Warner, L.R. 1998. Australian helminthes in Austarlian rodents: an issue of biodiversity.  International 
Journal for Parasitology 28: 839–846. 
Weaver, H.J. & L.R. Smales 2006. Syphacia (Syphacia) abertoni n. sp. (Nematoda: Oxyuridae) from 
Zyzomys argurus (Thomas) (Rodentia: Muridae) from northern Australia. Transactions of the  Roy-
al Society of South Australia 131: 206–210. 
Weaver, H.J. & L.R. Smales 2008. New species of Syphacia (Syphacia) Seurat (Nematoda: Oxyuridae) 
from Pseudomys species (Rodentia: Muridae) from central Australia. Zootaxa 1775: 39–50. 
Weaver, H. J. & L.R. Smales 2010. Three new species of Syphacia (Syphacia) (Oxyurida: Oxyuridae) from 
Quennsland, Australia, and a key to the species present in the Australian bioregion. Comparative 
Parasitology 77: 9–19. 
Weaver, H. J., S. Monks & S. L. Gardner 2016. Phylogeny and biogeography of species of Syphacia  Seu-
rat, 1916 (Nemata : Oxyurida : Oxyuridae) from the Australian Bioregion. Australian Journal of 
Zoology 6:, 81–90. 
Yoshida, F., M. Asakawa & M. Ohbayashi 1985. Taxonomical studies on the genus Syphacia (Nematoda: 
Oxyurioidea) from six species of Rattus in Thailand. Japanese Journal of Parasitology                 
35(6, Suppl. 2): 86. (In Japanese). 
 
INSTRUCTIONS FOR AUTHORS 
 
TREUBIA is a peer-reviewed, scientific zoological journal with focus on biosystematic aspects of terrestrial 
and aquatic fauna in the Indo-Australian region. TREUBIA is published yearly and accepts manuscripts  
within the scope of the journal. It is accessible online at http: // e-journal.biologi.lipi.go.id/index.php/treubia. 
The missions of TREUBIA are to: (1) promote sciences and disseminate information in animal systematics 
and on the biodiversity of the region; (2) participate in the effort of educating public through good quality of 
scientific media and available professional researchers; (3) establish linkages among zoologists particularly 
in the field of systematics.  
TREUBIA accepts manuscripts based on original research, taxonomic review or short communication. The 
manuscript should not be offered for prior or simultaneous publication elsewhere. It must be written in            
English and must use the British spelling. Manuscripts should be prepared double-spaced in Microsoft Word, 
using Times New Roman font 12, A4 paper size. To facilitate the reviewing and editing processes, please 
apply continuous line numbered option. An electronic file of the manuscript along with a formal cover            
letter – indicating the importance, stating its originality and its approval by all co-authors – should submitted 
to the editors of TREUBIA through email address: treubia@gmail.com or submitted directly to the editors at 
Division of Zoology, Research Center for Biology – LIPI, Widyasatwaloka, Jl. Raya Jakarta Bogor Km. 46, 
Cibinong, Bogor 16911, Indonesia.  
Concise writing and omission of unessential material are recommended. All numbers under 10 and any       
number forming the first word of a sentence must be spelled out, except in the Materials and Methods section 
of taxonomic papers.  Year should be completely written. Names of genera and species should be in italic 
type. It is recommended to use metric measurements in abbreviation (e.g. kg, cm, ml).  Please consult and 
refer to a recent issue of TREUBIA for an acceptable format. 
Manuscripts should be presented in the following order (Appendices can be added if necessary): 
Title section. This includes the title of the paper (all capitalised), author’s full name, author’s             
institution and address (all with first letters capitalised), and e-mail address of the corresponding author. The 
title should be short, informative and without abbreviation.  
Abstract.  Except for short communications, articles should be accompanied by an abstract.  The ab-
stract consists of no more than  250 words in one paragraph which should clearly state the essence of the pa-
per, with no references cited. 
Key words. Following the abstract, list up to 5 key words, all typed in lowercase except a proper noun, 
separated by commas, presented in alphabetical order.  
Introduction. The introduction must briefly justify the research and give the objectives. References       
related to the justification of the research should be cited in the introduction but extensive and elaborate      
discussion of relevant literature  should be addressed in the Discussion section. References are to be cited in 
the text by the author’s surname and year of publication. When citing multiple sources, place them in            
chronological order, e.g. (Somadikarta 1986, Calder 1996, Carpenter 2005). For two authors, both names 
should be cited: e.g. (Ackery & Vane-Wright 1984). For three authors or more, only the first author is given 
followed by et al., e.g. (Foster et al. 2002).  
 Materials and Methods. Provide a clear explanation of materials and methods used in the research. 
The place of specimen depository must be mentioned here.   
Results. The results can be presented in the form of tables and figures when appropriate. The text 
should explain and elaborate the data presented. Captions of tables, figures, and plates should be inserted 
where you want them to be inserted. All line drawings, photographs and other figures may be submitted in 
JPEG format and the image size should be at least 1024 by 768 pixels. 
Discussion. The discussion should interpret the results clearly and concisely, and should discuss the 
findings in relation with previous publications.  
Acknowledgements. Acknowledgements of grants, assistance and other matters can be written here in 
one paragraph. 
References. List of references should be in alphabetical order by the first or sole author’s surname. 
Journal references should include author’s surname and initials, year of publication, title of the paper, full 
title of the journal (typed in italic), volume number (typed in bold) and inclusive page numbers. Book          
references should include author’s surname and initials, year of publication, title of the book (typed in italic) 
or/and title of the chapter and editor (if part of a book), publisher, city of publication, and page numbers. 
For example: 
LaSalle, J. & M.E. Schauff 1994. Systematics of the tribe Euderomphalini (Hymenoptera: Eulophidae):            
parasitoids of whiteflies (Homoptera: Aleyrodidae). Systematic Entomology 19: 235-258. 
MacKinnon, J. & K. Phillips 1993. Field Guide to the Birds of Borneo, Sumatra, Java and Bali. Oxford         
Unversity Press, Oxford, 491 pp. 
Natural History Museum 2013. Wallace100 - celebrating Alfred Russel Wallace's life and legacy.  [Online]  
<http://www.nhm.ac.uk/nature-online/science-of-natural-history/wallace/index.html> [Accessed 11  
October 2013].  
Stork, N.E. 1994. Inventories of biodiversity: more than a question of numbers. In: Forey, P.L., C.J.         
Humphries & R.I. Vane-Wright (eds.), Systematics and Conservation Evaluation. Clarendon Press (for 
the Systematics Association), Oxford, pp. 81-100. 
Upon receiving a manuscript, a Treubia editor will check the compliance with these instructions and will 
send the manuscript to two reviewers. Based on comments from the reviewers and the suitability of the  
manuscript, Treubia editors will decide the acceptance or rejection of the manuscript.  The author will be 
notified of the decision and will receive the manuscript with reviewers’ comments.  
Following the process of reviewing and revising, a final proof will be sent to the first or sole author for        
correction and approval. Five reprints are supplied free of charge but delivery cost will be charged. Joint  
authors will have to divide these copies among them at their discretion. Additional reprints can be provided 
at cost, the order should be placed before the final printing. 
